Evaluation of benign and malignant vertebral lesions with diffusion weighted magnetic resonance imaging and apparent diffusion coefficient measurements  by Abo Dewan, Khaled Abdel Wahab et al.
The Egyptian Journal of Radiology and Nuclear Medicine (2015) 46, 423–433Egyptian Society of Radiology and Nuclear Medicine
The Egyptian Journal of Radiology andNuclearMedicine
www.elsevier.com/locate/ejrnm
www.sciencedirect.comORIGINAL ARTICLEEvaluation of benign and malignant vertebral
lesions with diﬀusion weighted magnetic resonance
imaging and apparent diﬀusion coeﬃcient
measurementsAbbreviations: MRI, magnetic resonance imaging; CF, compression
fracture; ADC, apparent diffusion coefﬁcient; SI, signal intensity; S1,
sacral 1; D, dorsal; DWMRI, diffusion-weighted magnetic resonance
imaging; ROI, region of interest; ROC, receiver operating
characteristic
* Corresponding author at: Lecturer of Radiodiagnosis, Tanta Fac-
ulty of Medicine, Tanta University, Egypt. Tel.: +20 1113558503;
fax: +20 2 40 3407734.
E-mail address: siagyali33@yahoo.com (A.A. Salama).
Peer review under responsibility of Egyptian Society of Radiology and
Nuclear Medicine.
http://dx.doi.org/10.1016/j.ejrnm.2015.01.002
0378-603X  2015 The Egyptian Society of Radiology and Nuclear Medicine. Production and hosting by Elsevier B.V.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).Khaled Abdel Wahab Abo Dewan a, Alsiagy A. Salama a,*,
Hassan Mostafa Saber El habashy a, Ayman El Sayed Khalil ba Radiodiagnosis and Imaging Department, Faculty of Medicine, Tanta University, Tanta, Egypt
b Orthopedic Surgery Department, Faculty of Medicine, Tanta University, Tanta, EgyptReceived 27 October 2014; accepted 11 January 2015
Available online 14 February 2015KEYWORDS
Vertebral bone marrow
lesions;
Diffusion-weighted MRI;
Apparent diffusion
coefﬁcientAbstract Aim of the work: The aim of this study was to assess the utility of apparent diffusion
coefﬁcient obtained in diffusion-weighted MR imaging for the differentiation between benign
and malignant vertebral lesions, and to determine the sensitivity and the speciﬁcity in differentiating
benign and malignant vertebral lesions according to the optimal cutoff ADC value.
Patients and methods: In 50 patients, 96 vertebral lesions were included and underwent DW MR
Imaging. The mean ADC values of normal and abnormal vertebrae were calculated. The optimal
cutoff ADC value was determined for the differentiation of benign and malignant lesions. The
results were correlated with histopathological and surgical ﬁndings.
Results: The mean ADC value of benign lesions was signiﬁcantly higher than that of malignant ones
(P< 0.05). There was an overlap between themeanADC values of malignant and tuberculous lesions.
According to the optimal cutoff value of 1.21 · 103 mm2/s, determined for the differentiation of benign
and malignant vertebral lesions, sensitivity was 95.12%, speciﬁcity 92.73%, positive predictive value
90.70%, and negative predictive value 96.23%.
424 K.A.W. Abo Dewan et al.Conclusion: Vertebral lesions were differentiated as benign ormalignant with high sensitivity and spec-
iﬁcity with the aid of ADC values calculated from maps obtained by DWI.
 2015 The Egyptian Society of Radiology and Nuclear Medicine. Production and hosting by Elsevier
B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/
by-nc-nd/4.0/).1. Introduction
Invasion of the fatty bone marrow by primary malignant
tumors, metastatic malignancies, acute benign and malignant
compression fractures, and infectious conditions causes similar
signal changes in routine magnetic resonance imaging (MRI)
studies (1).
Although MRI has a high sensitivity in delineating the
pathology, its speciﬁcity is low. Osteoporotic and metastatic
compression fractures may be mistaken for each other in the
acute phase. Edema in the acute phase of benign fractures
may replace normal bone marrow and cause hypointense signal
changes in T1-weighted images and hyperintense signal changes
in T2-weighted images, at the same time taking contrast mate-
rial. These changes are also typical for metastasis and cause
confusion in diagnosis when only one lesion is present (2).
It is quite important to determine whether a compression
fracture has a malignant or a benign cause, especially in
patients with a primary malignancy. This is because compres-
sion fractures depending on osteopenia develop in these
patients at a rate of one-third (3).
Pyogenic bacteria and tuberculosis infections are the most
common causes of spondylodiscitis (4). Infections can
sometimes be difﬁcult to diagnose, especially when there is
isolated vertebral body involvement without any soft tissue
component, and adjacent disk involvement (5). Therefore, in
order to plan appropriate therapy according to the precise diag-
nosis, the patients are exposed to invasive interventions such as
biopsy (1).
Diffusion-weighted imaging (DWI) has recently appeared
as a new method of screening in characterizing lesions without
necessitating contrast material and in evaluating the vertebrae
quantitatively (6,7).
Diffusion-weighted-imaging (DWI) provides microscopic
information from water protons which is not possible using
conventional magnetic resonance imaging (MRI). DWI mea-
sures the random (Brownian) extra, intra and transcellular
motion of water molecules (8).
A loss of signals on DWI occurs as a result of the micro-
scopic movements of the molecules in the diffusion-sensitivity
sequences, and this loss is measured by calculating the ADC.
The ADC depicts the speciﬁc diffusion capacity, microscopic
structure, and organization of a biological tissue (6,9).
Apparent-diffusion-coefﬁcient (ADC) is a quantitative
parameter calculated from DWI that combines the effects of
capillary perfusion and water diffusion (10). ADC value is cal-
culated for each pixel of the image and is displayed as a para-
metric map. By drawing regions of interests on these maps, the
ADCs of different tissues can be derived (11).
Some studies have been able to differentiate acute benign
compression fractures from malignant induced compression
fractures according to ADC values (2,3,12–15). In a compara-
tively small number of surveys, ADC values have been studied
in discriminating the infectious lesions from the malign lesions(3,4,16). So the purpose of this study was to assess the utility of
apparent diffusion coefﬁcient obtained in diffusion-weighted
MR imaging for the differentiation between benign and malig-
nant vertebral lesions, and to determine the sensitivity and the
speciﬁcity in differentiating benign and malignant vertebral
lesions according to the optimal cutoff ADC value.2. Patients and methods
2.1. Patients
From July 2013 to September 2014, 50 patients (31 males and
19 females, with mean age of 58.45 years and the age ranged
from 22 to 87 years) presenting with vertebral collapse in one
or more vertebral body on conventional MR sequences were
included.
The study protocol was approved by the ethics committee of
Tanta University. Written consent was obtained from all the
patients to participate in the study.
A total of 50 patients found to have 96 vertebral lesions
were included in this study. The vertebral CFs were classiﬁed
according to the etiology into three groups as acute benign
CFs (Group 1), infectious CFs (Group 2) and malignant
CFs (Group 3), and the number of lesions in each group
was 33, 22 and 41, respectively. Compression fractures were
considered acute if they occurred within 4 weeks prior to pre-
sentation. Of the acute benign CFs, 13 were osteoporotic
(diagnosed by bone densitometry and none of the osteopo-
rotic patients had a history of serious trauma or malignancy)
and 20 were acute traumatic (with a history of serious trauma
and no history of osteoporosis or malignancy), of the infec-
tious group, 17 were pyogenic spondylodiscitis and 5 lesions
were tuberculous (diagnosed by history, imaging methods
and conﬁrmed by laboratory ﬁndings). The malignant group
was composed of 41 lesions, of them 31 were metastatic ver-
tebral fractures. The primary neoplasms included breast car-
cinoma in 14 lesions, lung carcinoma in 10 lesions, renal cell
carcinoma in 4 lesions, prostate carcinoma in 2 lesions and
thyroid carcinoma in 1 lesion. 10 lesions were due to primary
neoplasms of the spine (chordoma in 4 lesions, myeloma in 3
lesions, lymphoma in 2 lesions and plasmacytoma in 1
lesion).
The primary focus of all metastases and primary malignant
tumors were histopathologically proven with biopsies. Dense
sclerotic vertebrae were excluded from the study module. Also
in 45 patients, one vertebral body without pathologic SI on
MR images was examined, and it served as an internal control.
Overall, 96 vertebral lesions and 45 normal vertebrae were
evaluated.
2.2. Methodology
All patients were subjected to the following:
Table 1 Descriptive characteristics of studied patients and
vertebral lesions.
Characteristics No (%)
Gender
Male 31 (62.00)
Female 19 (38.00)
Total 50 (100.00)
Age in years
Range 22–87
Mean ± SD 58.45 ± 16.52
Number of lesions in each patient
Mean ± SD 1.89 ± 0.67
Anatomical sites of lesions
Lumbar 54 (56.25)
Thoracic 40 (41.67)
Cervical 2 (2.08)
Total 96 (100.00)
Table 2 Qualitative assessment of vertebral lesions on DWI.
Lesions Signal intensity on DWI Total
Hyperintense Hypointense Isointense
1. Acute benign CFs
Traumatic 3 15 2 20
Osteoporotic 2 10 1 13
2. Spondylodiscitis
Pyogenic 10 7 0 17
Tuberculous 5 0 0 5
3. Malignant CFs 41 0 0 41
Total 61 (63.5) 32 (33.33) 3 (3.12) 96 (100.00)
Evaluation of benign and malignant vertebral lesions 4251. Complete history taking: full systemic examination, neuro-
logical examination, and laboratory investigations.
2. Plain X-ray of the spine: was done for 20 patients.
3. Magnetic resonance imaging: conventional vertebral column
MRI examinations were performed for all patients using a
1.5 Tesla MRI apparatus (General Electric SIGNA) and
multi-section fast spin echo pulse sequences with different
repetition time (TR) and echo delay time (TE) to obtain
T1 and T2 WI as follows: A scout T1 WI sagittal view to
verify the precise position of lesion.
Then multiple pulse sequences in all three orthogonal planes
were used to obtain sagittal images followed by axial images.
Coronal images were done based on the pathology in 7 cases.
Scan parameters:
1. T1 weighted spin echo images (T1 WIs): Scan mode: 2D,
Image se´quences: FSE (Fast Spin Echo), Repetition Time
(TR): 400–500 ms, Echo Time (TE): 15–25 ms. Field of
view (FOV): 20–25 cm, Slice thickness: 4 mm.
Number of axial slices was variable according to the
number & size of lesions. Number of excitations (NEX):
3–5 excitations with the use of the high resolution phased
array synergy surface coil resulting in less scan time.
In 20 patients, Gd-DTPA (Magnevist) was adminis-
tered by means of intravenous injection at a dose of
0.2 ml/kg. After injection of Gd-DTPA, short TR/TE
images (T1 WIs) in at least two orthogonal planes were
obtained. We must obtain both sagittal and axial T1-
WIs before and after contrast injection to ensure precise
comparison between the same regions of interest. We must
complete the postinjection images within the ﬁrst 20 min
following I.V. contrast injection.
2. T2 weighted spin echo images (T2 WIs): Scan mode: 2D,
image se´quences: FSE, TR: 3500–5000 ms, TE: 100–
130 ms. Field of view: 20–25 cm, Slice thickness: 4 mm.
Slice gap: 1–2 mm. Number of axial slices: variable accord-
ing to the number & size of lesions. Acquisition time:
2.5 min. with the use of phased array coil. Fat suppression
was done in 8 patients to give better character of the
lesions. A 90 RF pulse was applied only to the fat spine,immediately preceding a standard imaging technique; it
was initially saturate magnetization leading to an effectively
suppressed fat signal.
3. Diffusion-weighted imaging and apparent diffusion coefﬁ-
cient mapping: DWMRI was performed for all patients.
Data were taken in sagittal acquisition using spin echo-
planar imaging sequence with the following parameters:
TR/TE/TI (inversion time), 12,000/95/2200 ms, b values =
1000 s/mm2. FOV: 24 · 40 cm. Matrix size: 128 · 256
pixels. Section thickness: 5 mm. Section gap: 2.5 mm. An
ADC map was obtained.
In quantitative study, an imaging slice was chosen, mean
of ﬁve circular regions of interest were located on the center
of the lesion, as well as the peripheral portion. The ROI
placed in the restricted or free diffusion part of vertebra
also to the soft tissue component, mean ADC value is cal-
culated for each, the ROI was placed by two marrow radi-
ologists with consensus. The optimal cutoff ADC value to
separate the benign group (acute benign compression frac-
tures and spondylitis) from the malignant group (metastasis
and malignant compression fractures) was determined by
receiver operating characteristic (ROC) analysis. Sensitiv-
ity, speciﬁcity, and positive and negative predictive values
were calculated according to this threshold value.
Also in 45 patients, one vertebral body without patho-
logic SI on MR images was examined, and it served as an
internal control. If a patient presented with one or more
vertebral compression fractures, they were evaluated sepa-
rately.The analysis was qualitative (using variation in signal
intensities) as well as quantitative (using ADC measure-
ment) and possible benign or malignant etiology was
suggested. The imaging diagnosis was conﬁrmed with
histopathological correlation and surgery.
2.3. Statistical analysis
Statistical analysis was carried out with the Statistical Pack-
age for the Social Sciences for Windows 16.0 (SPSS). The
results are presented as mean and standard deviation. Com-
parisons for a difference in ADC values of lesion subgroups
were conducted with an unpaired 2-tailed Student t-test. P
value <0.05 was considered as the statistical signiﬁcance
level. The optimal cutoff ADC value to separate the benign
group (acute benign compression fractures and spondylitis)
from the malignant group (metastasis and malignant com-
pression fractures) was determined by receiver operating
426 K.A.W. Abo Dewan et al.characteristic (ROC) analysis. Sensitivity, speciﬁcity, and
positive and negative predictive values were calculated
according to this threshold value.3. Results
A total of 96 vertebral fractures were encountered in 50
patients, of them 31 (62%) were males and 19 (38%) were
females. Their ages ranged from 22 to 87 years, with a mean
of 58.45 years. Fractures of lumbar, thoracic and cervical
regions were encountered in 54 (56.25%), 40 (41.67%) and 2
(2.08%) of patients, respectively. L1 was the most commonlyFig. 1 A case of pyogenic spondylodiscitis. A, B, C: (sagittal T1
retrolisthesis at level of L5/S1. Vertebral end plates of L5 & S1 vertebra
wedged L5 vertebral body & display low SI in T1WI, high SI in T2WI
ADC map). On diffusion-weighted image lesions display high SI. The
benign nature.fractured vertebra (23 fractures, 23.96%) and the second most
commonly fractured vertebra was T12 (20 fractures, 18.4%)
Table 1.
Vertebral compression fractures (CFs) were classiﬁed
according to the etiology into three groups, Group 1 included
acute benign CFs (13 were osteoporotic CFs and 20 acute trau-
matic), Group 2 included infectious spondylodiscitis (17 CFs
were due to pyogenic spondylodiscitis and 5 due to tubercu-
lous spondylodiscitis) and Group 3 included malignant CFs
(31 were due to metastatic and 10 due to primary spinal neo-
plasms) Table 2.
All benign vertebral CFs (osteoporotic, acute traumatic and
spondylodiscitis) were diffusely hypointense on T1WI, hyperin-WI, T2 WI & T1 with contrast) show evidence of slight degree
e and their intervening discs show irregularities with mild anterior
with heterogeneous enhancement after IV contrast. D, E: (DWI &
mean ADC value was (1.4 ± 0.02 · 103 mm2/s) coinciding with
Evaluation of benign and malignant vertebral lesions 427tense on T2WIs and STIR sequences (Fig. 5A and B). On diffu-
sion weighted image (with respect to SI of normal bone mar-
row), out of 33 acute benign CFs (osteoporotic and acute
traumatic), 25 (75.76%) were hypointense, 5 (15.15%) were
hyperintense ((Fig. 5C) and 3 (9.09%) were isointense. Among
the infectious group, hyperintense signal was observed in all
tuberculous lesions ((Fig. 2D). In pyogenic spondylodiscitis,Fig. 2 Tuberculous Spondylodiscitis. A, B, C: (sagittal T1 WI, T2, T
destruction of the vertebral end plates, apparent widening of interverteb
with a well-deﬁned peripheral enhancement after contrast injection
diffusion WI, the lesion displays high SI with low mean ADC value (hyperintense signal was detected in 10 lesions ((Fig. 1D) and
hypointense signal in 7 lesions. Hyperintense signal was
observed in all malignant lesions (Figs. 3D and Fig. 4E) Table 2.
The mean ADC value of normal vertebrae was
0.50 ± 0.19 · 103 mm2/s. No statistically signiﬁcant differ-
ence was found for the mean ADC value of normal vertebrae
between patients groups (P= 0.757, P> 0.05) Table 3.1 with contrast) show wedged L4 and L5 vertebrae with irregular
ral disc space displays low SI on T1, intermediate to high SI on T2
denoting intra-osseous abscess. D, E: (DWI & ADC map). On
0.85 ± 0.12 · 103 mm2/s).
428 K.A.W. Abo Dewan et al.The mean ADC value of fractured vertebrae was
1.65 ± 0.59 · 103 mm2/s. Statistically signiﬁcant difference
was found between the mean ADC value of normal and frac-
tured vertebrae (P= 0.0001, P< 0.05) Table 3.Fig. 3 Vertebral metastasis from bronchogenic carcinoma. A, B: (sa
intensity of the dorsal and lumbar intervertebral discs denoting degene
implicating the D7 vertebral body which shows heterogeneous low SI
(DWI & ADC map). On diffusion WI the lesion displays high SI with
malignant nature.The mean ADC value of the 33 acute benign compression
fractures was 1.98 ± 0.44 · 103 mm2/s (Fig. 5D). The mean
ADC value of the 22 spondylodiscitis lesions was
1.52 ± 0.14 · 103 mm2/s (Figs. 1E and 2E). The meangittal T1 and T2 images) show loss of height and bright T2 signal
rative changes. A well-deﬁned conﬂuent marrow inﬁltrative lesion
in T1 and mixed low and high SI in T2 pulse sequence. C, D, E:
low mean ADC value (0.7 ± 0.02 · 103 mm2/s) coincident with
Evaluation of benign and malignant vertebral lesions 429ADC value of the 31 metastatic lesions was
0.71 ± 0.21 · 103 mm2/s (Fig. 3E). The mean ADC value of
the 10 malignant compression fractures was 0.82 ± 0.31 ·
103 mm2/s (Fig. 4F) Table 3.
The mean ADC values of the acute benign compression
fractures and pyogenic spondylodiscitis were signiﬁcantly
higher than that of the malignant compression fractures
(P= 0.0001, 0.007; respectively) Table 4.
The mean ADC value of tuberculous spondylodiscitis was
0.91 ± 0.38 · 103 mm2/s, with an overlap with the mean
ADC value of malignant CFs (0.75 ± 0.23 · 103 mm2/s),
and there was a statistically non-signiﬁcant difference
(P= 0.143, P> 0.05). There was a statistically signiﬁcant dif-
ference between all benign CFs and malignant ones
(P= 0.002, P< 0.05) Table 4).
A threshold value was determined, using the ROC, in order
to differentiate benign lesions frommalignant ones. The thresh-
old value for the mean ADC value was found to be
1.21 · 103 mm2/s. Sensitivity, speciﬁcity, positive and negative
predictive values were calculated from this threshold value.
When 1.21 · 103 mm2/s was used as the threshold value, the
mean ADC values of 4 of the 55 benign lesions were below it,
and 2 of the 41 malignant lesions were above it Table 5.
According to the optimal threshold value of
1.21 · 103 mm2/s set to differentiate vertebral bone marrow
lesions as benign or malignant, sensitivity was found to be
95.12%, speciﬁcity 92.73%, positive predictive value 90.70%,
and negative predictive value 96.23% (see Fig. 6).4. Discussion
In our study, 50 patients with 96 vertebral lesions were
included. Vertebral compression fractures were classiﬁed into
three groups according to the etiology Group 1 (acute benign
CFs), Group 2 (infectious CFs) and Group 3 (malignant
CFs), the number of CFs in each group was 33, 22 and 41,
respectively. Of the acute benign group, 13 CFs were osteopo-
rotic and 20 were acute traumatic. Of the infectious group, 17
CFs were due to pyogenic spondylodiscitis and 5 were due to
tuberculous spondylodiscitis. Of the malignant group, 31Table 3 Distribution of the measured mean ADC values in the ver
Lesions Number N= 96 Mean AD
Normal ve
1. Acute benign CFs 33 0.45 ± 0.
Traumatic 20 0.43 ± 0.
Osteoporotic 13 0.49 ± 0.
2. Spondylodiscitis 22 0.55 ± 0.
Pyogenic 17 0.60 ± 0.
Tuberculous 5 0.52 ± 0.
3. Malignant CFs 41 0.46 ± 0.
Metastasis 30 0.43 ± 0.
Primary 11 0.37 ± 0.
Mean 0.50 ± 0.
P-value 0.757
ADC= apparent diffusion coefﬁcient.
SD = standard deviation.
* Statistically signiﬁcant difference (P< 0.05).CFs were metastatic fractures and 10 were due to primary
spinal neoplasms.
In our study, there were 31 (62%) males and 19 (38%)
females, with a mean age of 58.45 years. Fractures of lumbar,
thoracic and cervical regions were encountered in 54 (56.25%),
40 (41.67%) and 2 (2.08%) patients, respectively. L1 was the
most commonly fractured vertebra (23 fractures, 23.96%)
and the second most commonly fractured vertebra was T12
(20 fractures, 20.83%) These results were similar to that
reported by Turna et al. (17).
In the current study, qualitative assessment of fractured
vertebrae on DWI sequence showed that, out of 33 acute
benign CFs (osteoporotic and acute traumatic), 25 (75.76%)
were hypointense. Among the infectious group, hyperintense
signal was observed in all tuberculous spondylodiscitis (5
lesions). In pyogenic spondylodiscitis, hyperintense signal
was detected in 10 CFs and hypointense signal in 7 fractures.
Hyperintense signal was observed in all malignant CFs.
Our ﬁndings were similar to that reported by Fawzy et al.
(18) and Castillo et al. (19) but differed from that reported
by Turna et al. (17) who stated the majority of benign CFs
showed Hyperintense signal on DWI sequence. This disagree-
ment might be due to application of the lower b-values with
different sequences by other authors.
The mean ADC value of normal vertebrae was
0.50 ± 0.19 · 103 mm2/s. No statistically signiﬁcant differ-
ence was found for the mean ADC value of normal vertebrae
between patients groups (P= 0.757, P> 0.05). These results
were in agreement with Turna et al. (17).
In this study, we found that the mean ADC value of frac-
tured vertebrae was found to be 1.65 ± 0.59 · 103 mm2/s,
which was signiﬁcantly higher than that of normal vertebrae
(0.50 ± 0.19 · 103 mm2/s) (p< 0.0001), which is suggestive
of low diffusibility in the normal vertebral fatty marrow. These
results were similar to other studies (17,18).
Fatty bone marrow is replaced by tumor cells, restricting
the diffusion of free water molecules, and, accordingly, its
ADC values are low. Benign acute vertebral fractures possess
an increased amount of free water in the interstitial space,
and they indicate increased water diffusion. Therefore, their
ADC values are high (20).tebral lesions.
C ± SD · 103 mm2/s P-value (t-test)
rtebrae Fractured vertebrae
14 1.98 ± 0.44 <0.0001*
17 1.95 ± 0.41
12 2.4 ± 0.02
29 1.52 ± 0.14 0.002*
22 1.71 ± 0.12
18 0.91 ± 0.38
28 0.75 ± 0.23 0.045*
17 0.71 ± 0.21
13 0.82 ± 0.31
19 1.65 ± 0.59 0.0001*
0.001
430 K.A.W. Abo Dewan et al.In the current study, we found that the mean ADC value of
acute benign compression fractures (1.98 ± 0.44 · 103 mm2/
s) was statistically higher than those of malignant compression
fractures (0.75 ± 0.23 · 103 mm2/s) (P< 0.0001). Our
results support studies made by using quantitative ADC values
in the literature (2,3,13–15,21,22).
In Wonglaksanapimon et al. (14), 7 malignant compres-
sion fractures and 32 benign compression fractures were
evaluated. The discrepancy between the ADC values of the
benign and malignant compression fractures was statistically
signiﬁcant (P< 0.0001). The results of our study were
similar.
Chan et al. (13) found no overlap between the ADC values
of acute benign and malignant fractures, and detected a statis-Fig. 4 A case of chordoma. A, B, C: (Sagittal T1, T2 WI & Axial T2)
degeneration occupies the body of S1 vertebra and involvement of the
displays high SI in T1 and heterogeneous SI in T2 WI. D, E, F: (DWI &
mean ADC value (0.6 ± 0.02 · 103 mm2/s) coincident with malignantically signiﬁcant difference between their ADC values. Our
results were similar in that there was a signiﬁcant difference
between the ADC values of acute benign and malignant frac-
tures and an absence of overlap.
In contrast to our results, Turna et al. (17) concluded that
ADC values were found to be unhelpful in differentiating
benign and malignant compression fractures with the presence
of an overlap (P= 0.157). This controversy might be related
to technical differences between studies and different disease
stages of each pathological entity.
In our study, the mean ADC value of pyogenic vertebral
lesions was 1.71 ± 0.12 · 103 mm2/s and was signiﬁcantly
higher than that of malignant lesions (0.75 ± 0.23 · 103
mm2/s) (P= 0.007) with an absence of overlap. In theshow a large destructive solid mass lesion with small areas of cystic
right sacroiliac joint with encroachment upon the theca. The lesion
ADC map). On diffusion WI the lesion displays high SI with low
t nature.
Fig. 5 Burst fracture of D12 vertebra. A, B: (T1 & T2 WI) show traumatic wedged fracture of D12 vertebral body with fractured both
end plates and mild retro-pulsed posterior aspect of the vertebra indenting the anterior subarachnoid space with mild focal kyphosis. The
lesion displays low SI in T1 and high SI in T2 WI. C, D: (DWI & ADC map) the wedged (D12) vertebra displays high SI on diffusion WI
with high mean ADC value (2.1 ± 0.02 · 103 mm2/s) denoting benign lesion.
Table 4 P values of the mean ADC values of fractured
vertebrae groups.
Comparison groups P-value
Acute benign CFs & malignant CFs 0.0001*
Pyogenic spondylodiscitis & malignant CFs 0.007*
Tuberculous spondylodiscitis & malignant CFs 0.143
All benign & malignant CFs 0.002*
* Statistically signiﬁcant difference (P< 0.05).
Table 5 Numerical distribution of lesions according to cut-off
value of mean ADC (1.21 · 103 mm2/s).
Cutoﬀ value for mean ADC Number of
malignant lesions
Number of
benign lesions
1.21 · 103 mm2/s or lower 39 4
Over 1.21 · 103 mm2/s 2 51
Number of total lesions 41 55
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432 K.A.W. Abo Dewan et al.literature, differentiation of infectious lesions and malignant
lesions according to ADC values is not clear yet.
In agreement with our study, Taskin et al. (20) stated
that the mean ADC values of infectious lesions wereFig. 6 A case of lymphoma. A, B, C: (T1, T2 WII & T1 with contra
low SI in T1, isointense SI in T2 with no signiﬁcant enhancement af
component. D, E: (DWI & ADC map). On diffusion WI the lesions s1.54 ± 0.15 · 103 mm2/s and were signiﬁcantly higher than
malignant lesions (P< 0.0001). Also they reported only 2 of
the 23 vertebral infectious lesions displayed ADC values
overlapping with malignant lesions. In contrast to our results,st) show multiple vertebral lymphomatous inﬁltrations displaying
ter I.V. contrast associated with enhancing extradural soft tissue
how high SI with mean ADC value (1.3 ± 0.02 · 103 mm2/s).
Evaluation of benign and malignant vertebral lesions 433Balliu et al. (3) and Fawzy et al. (18) stated that the ADC val-
ues of infectious lesions and malignant lesions coincided and
therefore they could not differentiate them.
Our study revealed that the mean ADC value of the 5
tuberculous lesions was 0.91 ± 0.08 · 103 mm2/s with a
non-signiﬁcant difference with that of malignant lesions
(P= 0.143) and the presence of an overlap between tubercu-
lous and malignant lesions.
In agreement with our study, Palle et al. (5) found the mean
ADC values of 128 vertebral tuberculosis lesions in 56 patients
to be 1.4 · 103 mm2/s and when they took this value as a cut-
off in the discrimination of malignant lesions, they found
64.8% sensitivity, 75% speciﬁcity, and 74.5% positive predic-
tive values. However, due to the fact that this ADC value dis-
plays values overlapping with the ADC values of metastatic
vertebral lesions, they emphasized that the ADC values should
be evaluated with the clinical history and routine MR ﬁndings.
These results were quite similar to ours, but there were
some limitations in this comparison since the number of tuber-
culous lesions in our study was small compared to Palle et al.
(5).
In the current study, we were able to differentiate malignant
and benign lesions with sensitivity of 95.12%, speciﬁcity of
92.73%, positive predictive value of 90.70%, and negative pre-
dictive value of 96.23% with an optimal cutoff value of
1.21 · 103 mm2/s. This result was in agreement with Taskin
et al. (20) who stated that according to the optimal cutoff value
of 1.32 · · 103 mm2/s, determined for the differentiation of
benign and malignant vertebral bone-marrow lesions, sensitiv-
ity was 96.5%, speciﬁcity 95.2%, positive predictive value
96.5%, and negative predictive value 95.2%.
There were some limitations in our study since the number
of lesions representing each etiological group was small and we
need more series with large number of lesions to validate our
results. Also DWI MRI was applied with only one sequence
(SE-EPI) and one b-value (1000 s/mm2).
5. Conclusion
Vertebral bone-marrow pathologies were differentiated as
benign or malignant with high sensitivity and speciﬁcity with
the aid of ADC values calculated from maps obtained by
DWI.
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